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NATIONAL ADVISCKY CCMMITIFE FCR AERCNAUTICS

TECHVICAL NOTE NO, 1261

FFFECT OF VARIABIFS IN WEILDINC TTCHANIOUE CN THE STRENGTH CF
DITRECT—CUPRENT MTTAL—~ARC- WELDED JOINTS IN ATRCRAFT STEEL
I — STATIC TENSION ANLC BENDING FATIGE TESTS CF
JOINTS IN SAE 4130 STEEL SHEET

By C. B. Voldrich and E. T. Armstrcng
SUMMARY

Arc-welded butt Jolnts in 1/8-1nch SAE L130 steel sheet of alrcraft
quality, which were made under verious corditions of weldinz and heat
treatment, wore teagted to evaluats the effects ¢f gpeclific weldlng—
tecknlque factors on the strength of the joints. The results of the ten—
81ls teets indicated that crater blowholas, or crater cracks, prcduced by
interrupting the weld, had the moet pronocunced inlluence cn tas irans—
verge tensllo streﬂrth of the butt--welded speclmens; that pesition of
welding had no significant effact on the teneile strength of any group cf
specimens; that rreheating produced no increase 1n either the socundnses
cr strength of the welds; and that welds mwade with allcy—steel electrcdes
were streugsr than those made with plain-carbcn—steel electrcodes. It was
found tket the factor having the greatest influence on the plate--bending
fatigus strsngth of the welded specimens was the external strezs-ralser
at the toe of wilds in the reinforced epecimens.

INTRODUCTION

The increaslng use of metsl-arc welling 1n the febrication of steel
aircraft estructures, broughs about by the desire for increassd prcductiicn
and ¢ther advantages inherent in the metal-arc-wslding methcd, has also
brought into focus certain of its limitatlorns. The level of weldebllity
of alrcraft steels, for example, is a very important factor, and ths sult-
abillity of various types of electrcdes for aircraft weldlng has been ex—
tenglvely Investigated. The development of preper welding techniques has
also begn given much attenticn, since experience has showil that many of
the difficultles in the fabricaticn of welded alrframes, such as distor—
tlon, cracking, and certain types of weld defects, may have their crigin
ir faulty weldlrg te“hnique.
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The influence of weld penstration, centour, craters, undercutting,
and similar factors cn the structural intezriwy of alrcraft joints is
recogaized, but the degross 11 which thess factors affect the static and
dynemic strengih are not yet fully underctooed. This investigation was
originally set up to study the effect of thoss factore and several others,
such ag hardress, grain size, and chumicel-—composition gradisnts, on the
strength of jolnts in SAR h130 sirveraft stecl welded by the direct—currant
metal-arc methcd, Thess factors ars influerced by the skill of the weld—
ing operator, type and sizs of electrcde, welding curront, speed and posi-
ticn of welding prehzet, roat trontment after welding, and the sizs, gecm—
etry, degrse of restreint, and suriace ccnditicns at the weld Joint.

The investigation reportzd herein was ccnducted under the sponsorship
and with the financial assistance cf the Naticnal Advisory Cemmittee for
Asronautics.

MATERIALS AND EQUIFMENT

Steel.~ All metal-arc-welded specimens for the static tension and
bendirg fatigue tests described in this report were made from aircraft—
quality SAE L4120 steel sheet, 1/8-irch thick. The chemical composition
and strength of the materiel are given in table 1.

Welding electrodes.— The electrcdes used in the welding of the tesgt
spacimens were & plain—carbon-steel electrcde and an aircraft welding
electrode which produces an alloy-steel weld mstal. It was specified, on
the basis of a questionnaire sent to aircraft factcries, that Wilson No.
520 and Linccln Planeweld No. 1 electrodes be used.

Welding machine.~ It was Iurther specified that a direct-current
netor-generator welding machine, of the type designed for airframe weld—
irg, be used. .The use of crater—eliminating devices (remote current
control) was not desired.

STATIC TENSION TESTS OF METAL-ARC-WELDED SAE 4130 STEEL SHEET

Preparation cof Specimens

Welded tension specimens were prepared in 1/8-inch SAE 4130 sheet as
shown in figure 1 with welding conditions as given in table 2. For each
combiraticn of welding conditions (electrode, preheat, position, and heat
treatment after welding), eight temsion gpecimens were made., Four of
these spscimens had a weld made in a continuous bead with the arc break,
when required, cutside the boundaries of the tension coupon. The four
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cther epecimeus were made wilh disccntinucus welds; that ls, the wold was
stopped, the crater clesied in the usual marner, end welding resumed at
definite pcints alang the length of tha weld groove. The tenslon speci-
mens were then cut to include the interrupted porticns cof the wélds.

. Thz welds were made manually in a cingle bead from one gide oanly,
with current and speed sdjusted to obtain the maximum root fuelon pogsi—
ble without the specimen melting thrcugh, Neither metallic ncr refrac—
tory etrips were used tc back up the weld groove. The single-bead weld
was used, rether than a Joint weldad frcm both sides, because (a) the one—
glde butt weld is often enccuntered in aircraft work and is more gensitive
to internal defects, (b) it was desired to test a weld with no seccndary
heat effects resulting from a root or reinfcicing pass, end (c) the seccnd
pass would have eliminated incomplete fusicn at the root, wialch was also
to be studied. _

The face of the single-bead weld and irregularities on the roct side
were ground approximately flush with the surface of the sheet, but no at-—
tempt was made to remove undercutting or tc cbtain a nerfectly flueh or
smooth surface. :

The amperage and arc voltage reportsd in table 1, as well as in
succeriing tarles of welding data, were measured as accurately as possi—
ble with sensitive meters. Freheal tumperatures were measured to 110 F.
Welding speeds (arc time) were measured with a stop watch. All stregs—
relief and heat troatments of SAE 4130 stesl specimens (including dutt—
velded sheet and fillet-welded tube—plate specimens, reference 1) were
done in a salt bath, except that drawing of quenched specimens was dcne
in an electric muffle furnace,

Radlographs of Weld Jcints

After machining, &ll specimens were X—rayed tc locate the interrupted—
weld areag and other defects. Prints of these X—reys are shown in filgurce
2 to 17, with the #1ltimate tensile strength of each specimen and the weld—
ing conditlions used for each group of eight specimens.

Although the four specimens at the lef't of each radicgraph had con—
tinuous welds and were meant to be as sound and fully welded as pessible,
there were numercus instances in which these welds had pronounced defects,
principally lack of fusion at the roct. With ons or two excsptiorns, how—
ever, the presernce of thege defects in the continucus welds did nct seri-
ously raduce the static tensile strength.

In the four specimens at the right in each radicgraph, the number of
weld defects was considerably greater, end there were distinct indicaticns
of crater blowholes, transverse crater cracking, end incomplete fusicn at
the start of the second pass. These defects in the interrupted welds had
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&n appreciable effect cn the static tenaile strength. The precence of a
flav in the interrupted weld did not in every case cause a reducticn in
strength, but 1f the results are analyzed by groups, it becomes evident
that the continucus welds were stronger than the interrupted welds, even
thovgh the radicgrapns in scme cases indicate that ocne group was no better

than the octher.

Static Tension Tests

The ultimate tensile strength for cacii specimen is shcwn in the
radiographs, and the averags strongth for eacih group of four gpecimens is
2lven in table 3A. These data show clearly thet the effect of weld inter—
ruptions i1g to reduce the static teusile gtrength of the immediate weld
area, It is interesting to note that the pcsitivn of welding had little
effect on the strength of the Jointe; indeed, in this series of tests the
average strergth of the overhead welds was slightly greater than the
strength of the flat and vertical woslds. Preheat, likewise, had no dis—
cernible effect on the strength of the welded Jjoints. This might not be
the case, howevor, for jJoints in material thicker than 1/8 inch.

The effects of heat truatment after welding are alsgo given in table
34, The welds made with plain—carbon—steel electrodes gained about 30
percent in tensile strength, for both continuous and interrupted welds,
a8 & result of the heat treatment used. The welds mede with allcy-steel
electrodes gained 4O percent (interrupted welds) to 50 percent (ccntinu—
ous welds) in strength after heat treatment.

A summary of the static—tensicn-test data is given in tatle 3B and
shows the decrsase in tensile strength caused by interruptions in the
weld.

An anaelysis of the location of tension fractures is given in teatle
3C with significant points as follovs:

1. All heat-treated specimensg made with carbcn-steel electrodes
failed in the weld.

2. All heat-treated interrupted-bead specimens made with allcy-steel
electrodes failed in tho weld.

3. Most of the heat-treated corntinuous—bead specimens made with
alloy—steel electrcdes failed in the weld.

L. All as—welded interrupted—-bead specimens made with cerbcn-steel
electrodes failed in the weld,
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5. Over cne~third of the as-welded ccntimncue—bead specimens made
with carbcu- steel electicdss had weld joints stronger than
the parent rlate,

6. Three—fourths of the as—welded interrupted-bead specimens made
with allcy-steel elactrcdes feiled In the weld.

7. Only one—fourth of the as--welded ccntinucus-bead sypecimene made
with alloy-steel electrodos failed in the weld.

b4

FATIGUE TESTS OF METAL-AKC-WELDED SAE 4130 STEEL SHEET

Preraration of Specimens

Metal-arc-welded fatigue—test specimens were made from 1/8-inch SAE
4130 steel cheet &g chovn in figures 18 and 19 with welding ccnditicns
described in table 4. Normalized plates wers used for all specimens, but
no heat treatment after welding was used,

The butt joint was a 90° closed single grcove, (See fig. 18.) The
weld was made either with twe beads (rcot and face), or with a single—
face bead, ty using plain—carbon-steel welding electrcdes. Scme speci—
mers in each set were made with continuous manual welds across the entire
width of the plate, and others wer2 made with interrupted welds to pro—
duce & crater at the center of the specimen. (See groups 3, 4, 7, and 8,
fig. 18.) After the first helf of the interrupted face bead was completed,
the crater was wire-brushed but otherwise not disturbed. The remalning
helf of the beed was then welded with sufficient pause at the crater to
rermit good penetration in that area., No attempt wes made, however, to
fuse completely the crater cracke cr blcwholes.

The plates were preheated to 300° F tefere welding in order to ob-—
tain easy starting conditicns and unifcrm penetraticn for the entire
length of the weld. In the two—bead specimens the root weld was made
first, en that the face weld cculd be depcsited mcre easily with highex
heat input end maximum penetration withcut denger of melting through the
feather edge of thes scarfed jecint. The welding current, arc voltage, and
welding time were measursd with autcmatic recording equipment and are
given in table 4.

The welded specimens were then milled with the aid cof a templet and
Jig to the contour shown in figure 19. This taper contour provided fcr
a cnrgtant fiber stress in the region of the weld when the specimens were
tasted in bending fatigu» as cantilever beams. After contour milling,
kalf of the specimens were greund on both sides to a smooth surface with
ro weld reinforcement (groups 2, 4, 6, and 8, fig. 18). The remaining
sprclmsnn were laft with the natural weld reinforcements (groups 1, 3, 5,
and 7, f£ig. 18). '
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Radicgraphs of Wald Joints

Prior to fatigus tegting, all welded sprecimens were X-rayed to bring
out interral defscis at the we'ls. The radiographs are shown in figures
21 to 28. Tha location of fatigus failure is indicated in the radiographs
by horizental arrsve and is discuaesed in the succeeding sectioms.

Fatigue Tests
»

The plate-tsending Tatigue tests were carried cut on a 100-pound
capaclity Krouge plate—bsnd*ng machine with g maximum deflecticn of %1 inch.
The specimeng werc gripred at ths wide taper end, and the load was applied
at the narrcw teper end througb & crank arm, the threw of which could be
adjusted by means of an eccentric rotcr. A typical specimen ready for
testing is shown in figure zO.

In order to cbtein the maximum fiber stress in the reduced sgection
of the test gpecimen, saveral representative specimens were first cali—
brated by measuring the deflecticn at the lcad end for several increments
of dead-welght lcading. The strecs fcr a given deflecticn was computed
from the cantilever-beam formula, and the testing machine was then adjusted
frr deflections to produce the desired stress in the regicn of the weld.

In crder to check this methcd, a representative surface—ground speci-
men was equipped with electricael-resistence strain gages cn both surfaces,
spanning the weld zcne, and the stresses at varicus deflections were reas—
ured. It was found that the stresses measurad by the strain-gage methed
chezked within 5 percent of the stresses computed by the lead—-deflecticn

method,

The geveral grcups of specimens were lozded at varicus sgtress levels
(see table 5) and the test was carried to failure, cr to not less than
about 5 million cycles of ccmpletely reversed bending stress. All speci-
mens were tested in the as-welded condition. The Tatigue strength cf the
gpecimeng is given in table 5, end the data are graphed in figures 29 and
30. Thege figures also show reference S-N curveg, taken from another in—
vestigaticn on l/8~inch SAE 4130 steel with the same mechanical and chem—
ical properties, for unwelded specimens with no surface treatment and

with the surfaces ground smooth.

Results of tests on two—bead weld specimens.— Figure 29 shcws the
fautigue strength of specimens with face and rcot beads, with continuous
end interrupted welds, and with full reinforcement and a surface—ground
weld. The specimens with two—besad, continuous; surface -ground welds
(group 2) had the highest fatigue stremgth, which was appreciably higher
thean that of the unwelded control spscimens with nc surface treatment
(line B), but belew that of gurface-ground unwslded plate (line A). The
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fatigue strength of group 2 was piobelly uinenced by the lower strength
of the wald me+tal (%wo speniiers fsiied ¢ the woid end twe in the fusicn
line), although no intsimal weld effecls were discernible in the radis—
graphe (figs. 22{a) and 22(t¢)).

Ths varied location of the group 2 fatigue fractvres &lso indicated
thet the decreese in fatigue strasngth from the line A level could nct be
attrituted solsly to weidiug eftectsa. It 18 telieved that the surface
decarburization remaining in the specimsns (tha surfaces of vhich were
not machinad so deep as the line A spscimens) ccntributed t3 the dscrease
in fatigue strenéth. It is als> significant that ths group 2 specimans,
which had only a few thcusandths of an inch remcved from the surface,
wers stronger in fatigue than the line R unwelded specimens which had no
gurfacs treatment. '

Contiruous *wo-bead wsld specimens with full reinforcement (grecup 1)
had & much lower fatigue strergth tran similar gsurfaco—grcund specimens
(group 2). In all cases the specimens in grcup 2 failed at the toe cf
“he largsr (face) bead and thus indicated the prencunced effect of the
st€e§s)concentration at that peint. (See radiographs, figs. 21(a) and
21(v).

The intsrrupted-weld speclmens with full reinfcrcement (group 3)
alsc fallnd at the tee of the face bead. (See radicgrephs, figs. 23(a)
and 23(b).) Protably there were internal defects at the point of inter—
ruption cf the weld, dbut they are not visible in the redicgrephs and, if
present, hed ns chance to influence the fatigus strength tecause of tkhe
greator influence of the external stress-raiser at the tce cf the face
bead. Figure 29 shows that the toe-of-weld atress-concentraticn effect
was greater for the interrupted-weld epwcimens (group 3) than for the
continuous-weld specimens (group 1). This is posaible becauee the face
bead in the group 3 specimens was higher and fuller with incipient cver—
lapping at the weld interruption.

The surface—greund, interrupted, two-bead welds (group 4) had a
higher fatigue strength than the compenicn specimens with full reiniorce—
ment (group 3). The radicgrephs in figures 2k(a) and o4(b) indicate that
the lacaticn of fatigue failure of the group 4 epecimera was influenced
ty tho presence eof crater defects at the weld irterrupticn, althcugh the
fatigue strergth of weld motal itsolf may have had an effect.

Tt is significant that the intornal defacts in the specinmens of
group 4 had a less deletsricus offect on the plate-tording fatigue
strength than the exterrnal toe—cf-wnld stress—ralsers (which might well
be called dsfacts as far as fatigue strength iSVCOncernod) in tho ccmparn—
ien group 3 specimens. In bending, the surface of the specimens ls mere
kighly stressed than the internal fiders. 'In axial lcading the etress ig
rearly uniform acress the sectien, and internal defecta of the megnitude



8 NACA TN No, 1261

sh~wn in figures 24(a) and 2k (b) would nc doubt exert a greater influence
on fatigue strengtih.

Regults of tegts con singla—~hoad weld specimsns.— Figure 3C presents
the fatigue ‘date on specimons with continuous and 1nfer“upced gingle—bead
welds with and without weld reinforcereut. There is no significant d4if-—
ference in the fatiguc behavior of the varicus types of welds (groups 5,
6, 7, and 8) so far as the S-I data are concerned. The only group which
departed anpreciab]y from the tase line B for urwelded specimens ia group
8, in which large cratsr btlcwholes were present at the weld interrupticn.

(See radicgraphs, fig. 28.)

The continucus single-bead surface-ground specimens (group 6) failed
outside the weld zcne at *the erd of the taperad eection bscause of tha
asaccondary strese ccncentraetion at the cheage of section at the grip.

(See fig. 26.) The two setes of specimens with reirnforcemsnt intact
(groups 5 ard 7) failed at the toe of the weld. Group 7 had internal
creter defects of corsiderable size (see fig. 27, particularly specimen
58¢~7), but thes2 had no effect on the fatigus strength.

Typical'fqgigua fractures.— Figures 31, 32, and 33 show typical
plate-bonding fatigue fracturse for the various typse of weld specilmens.

DISCUSSION OF RESULTS

Static Tensicn Tests

The most pronounced influence on the transverse tensile strength of
the butt-welded specimens appeared to be that of the crater blowholes or
crater cracks, which were produced by interrupting the weld. In mest
cases this condition caused a dscrease in the strength frem that of cer—
panicn continuous-weld specimens which had no crater defaects.

Some of the continucus-weld specimens had cther weld defects (lack
of complete penetration to the root of the weld), but these had less ef-
fect on the transverse tensile strength than the crater defecte in inter—
rupted—-weld specimerns.

The pesition of weldl ng had ne significent effect on the tensile
strength of any group of specimens, other conditions being equal.

Preheating of the plates to 300° F preduced nc increase in either
the sourndness or strength of the welds. This does not mean thet preheat
1s urnecessary in metal-arc welding of the aircraft etructural gstesls.
It 1s often desirable to use preheoat to prevent cracking of the steel
adjacent to the weld. The present indications ares, however, that
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preheating is of dcubtful value as a means cf improving the quality of
welds (absence of crater cr root defects) in thin plates.

The welds made with alloy-steel electrodes were strcnger than those
made with plain—carven—steel elecirodes. The degree and character cf
weld defects were comparable for beth types of electrodes, but the added
strength of the alloy—steel welds helped tc nullify the effect of weld
defects. The alloy-steel welds also shcwed a greater increase in strength
when heat treated after welding.

It is to be noted that all these data are for single—~bead welds with
the face reinforcement removed. If the weld.rsinforcement had not been
removed, the increased cross section at the weld undoubtedly wculd have
caused more fallures in the parent plate cr at the fusicn zone at higher
strengths. In such welde the affect of intsrral defects wculd be less
pronounced than when the reinfcrcemant is removed.

Fetigue Tests

Ir the elght types of weld~joints tests (see fig. 18), there were

two principal differences:

1l. The Joints eitner had the natural weld reinfcrcement or were
machined flush with the surface of the plates.

2. The Joints sither had & scund weld (continucus bead) or a weld
with internal crater defects (interrupted bead).

The factor which had the greatest influence on the plate-bending
fatigue strength cf the welded specimens was the extermal stress—raiger
at the toe of welds in the reinfeorced specimens. The internal stress—
raisers, caused by crater blowhcles or cracks, cauged feilure ornly when
the weld reinforcement (and hence the external stress—-raiser) was remcved.
The probable explanaticn for this was that in the plate-bending test, the
surface had & higher estress than the intermal fibers. If a uniformly
distributed stress were used (axlal tension fatigue) the influence of in—
ternal defects woild be more pronounced. However, the effect of external
stress—ralgers at the tee of reinforced welds would still be critical.

No specimens were tested in this series which were heat treated
after welding. Results cf tests en other plates of welded specimens (ref-
erence 1) indicate that while the fatigue strength may improve if the ten—
sile strength is increased by heat treatment, the effect cf stress ccncen—
trations arising from geometry of the Joint is very great and all but
vitiates any improvemnnt derived from heat treatment.
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The present tests show wcme evidence that surface decarburizaticn
exsrts a marked influance on fatigue sirength., This 1s indicated by the
tests of surface—ground specimens and as—rclled specimens (see fig. 29),
but the test data for ths mstal-arc-welded specimsns are insufficient for
ccenclusion, However, the resulte of other investigations of the fatigue
strength of SAE L4130 stsel show gquite conclusively that decarburization
may be an impcrtant facter. This has little to de with weiding technlque,
but is menticnad here beceuse mcat of the commercially gupplied alrcralt
eteel of the 4130 type is decarburizod to scme dagrse at the surface,
Since the mecet critical stress ¢cucentrations in welded alrcraftv steel
rarts are often a% the gurface, adjacent to welds, the added iniluencoe of
the decarburized layer with 1ts lcwer inhsrent fatigue strength should not
be everlooked In a ccnslderation of fatigue belavior.

Rattelle Mamorial Inatitute,
Colum¥ug, Chic, May 194k,
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TABLE 1. PROPERTIES OF 1/8-INCH SAE L4130 STEEL SHEET (1)
USED FOR METAI~ARC BUTT WELD TENSION AND FATIGUE
TEST SPECIMENS

~

—— e e e ]
Per Cent (Mill Analysis)

Chemical Composition
] P

C | M S s1 Cr Mo
0.31 | 0.47 | 0.023 { 0.017 | 0.25 |0.94 | 0.21
1
.32 U7 .023 020 .26 .95 .23
Mechanical Properties
Yield Strength, | Ultimate Tensile Elongation, | Rockwell B
p.s.i. Strength, p.s.i. % in 2" Hardness
81,400 §7,500 22 92
|

(1) Hot-rolled;nommalized and drawn to strength shown.

11
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14 NACA TN No. 1361

‘TABLE 3B. SUMMARY OF TENSILE STRENGTH DATA

Positlons | Joints with | Joints with | Per Cent Decrease

Hesat and Continuous | Interrupted | in Tensile Strength

Electrode Treatment | Preheat Welds Welds oi Interrupted Welds
Carbon steel As welded All 103,300 88,400 15
Carbon stesl Q&D All 137,000 116,700 15
Alloy steel As welded All 102,300 100,500 2
Alloy steel Q&D A11 154,100 139,600 9
Both As welded A1l 102,800 94,500 8
Both Q& D All 145,600 128,200 12
Both Both All 124,200 111,300 10

T

TABLE 3C. LOCATION OF STATIC-TENSION FRACTURES
IN BUTT-WELDED SPECIMENS IN 1/8~INCH
SHEET

(See also Figures 2-17, inclusive)

| —— - —=
Number | Relative Number|Relative Percentage
Heat of of Fractures: of Fractures:
Character .| Treatment | Tension in in
of Electrode| After Teste | Parent in | Parent in
Weld Used Welding Made Plate Weld| Plate Weld
Carbon AW 16 6 10 k- I 62
Cont~ Steel Qé&D 16 0 16 0 100
Towows, |FaToy "] A " [ 6- T2V Il
_S_t;egl___g,ég___ll___ 2 18 g2
All conditions 59 20 39| M 66
3 Carbon AW . 16 0 16 0 100
Inter- Steel Qé&D 15 0 15 0 100
rupted Allog AW 16 m 12| 25 | 18
Steel Q&D 16 0 16 0 100
All conditions 63 L 59 6 gk
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NACA TN No. 1261 ' Fig. 1
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OF JOINTS WITH CONTINUOUS AND INTERRUPTED WELDS.
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CONTINUOUS FAGE BEAD (2)

————

>
AT A aaT el s Sewe e S Lt Rt e ]

.............. -,

CONTINUOUS ROOT BEAD (!)

INTERRUPTED FACE BEAD(2)

CONTINUOUS FACE BEAD(I)

Y ” o . S

NO ROOT BEAD

4
N_\\ T . \\\k

Fig. 18

GROUP |- WELDED BOTH
SIDES,CONTINUOUS BEADS,
WITH REINFORCEMENT.

GRJUP 2: SAME AS

— T

ey

INTERRUPTED FAGE BEAD (1)

GROUP |, WITH SUR-
FACES GROUND SMOOTH.

GROUP3: WELDEDBOTH

SIDES,INTERRUPTED

FACE BEAD,WITH REIN-
FORCE MENT.

GROUP 4: SAME AS
GROUP3 ,WITH SUR-
FACES GROUND SMOOTH.

GROUPS: WELDED FROM
GROOVE SIDE ONLY,CON
TINUOUS BEAD, WITH
REINFORCEMENT.
GROUP 6

SAMEAS GROUPS WITH
SURFACES GROUND
SMOOTH.

GROUP. 7: WELDED FROM

GROOVE SIDEONLY, IN-

TERRUPTED BEAD WITH
REINFORCEMENT.

GROUP 8. SAME AS GROUP

~ 7, WITH SURFAGES

GROUND SMOOTH.

FOR ALL GROUPS, JOINT WAS 90 -DEGREE SINGLE-~ VEE BUTT,CLOSED ROOT,WITH
ALL WELDING DONE IN THE FLAT POSITION. FOR JOINTS WELDED FROM BOTH SIDES
THE ROOT BEAD, |, WAS WELDED FIRST, FROM THE ROOT SIDE.

FIGURE I8 -DETAIL OF WELD JOINTIN |/8-- INCH STEEL PLATE SPECIMEN FOR
BENDING - FATIGUE TESTS.



NACA TN No. 1381 Fig. 19

Limit of surfacegrind, both wioks, when specified
2 2t~
L 1

Grip

V

-

[

|

|

|
il

————
m——

Drill three, Y5z

|

1o —==0 }

F i B N [ i T
T ; ! " T

i T | ]

TEMPLET FOR FATIGUE-TEST SPECIMEN

FIGURE 19- SPECIMEN AND TEMPLET FOR PLATE BENDING-FATIGUE TEST



NACA TN No. 1261 Fig. 20

Figure 20.—Krouse plate-bending machine with welded specimen in place for fatigue test.
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Fig. 21
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Fig. 22a
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Fig. 22b
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Fig. 23a
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Fig. 23b
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Fig. 24a
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Fig. 26

NACA TN No. 1261

88168

W

(9 dnoxs) 199Ys [9938 0STH VS Youl

Y1 Ul spea ysnp ‘snonurjuod ‘praq-apduls Jo yderdoipeg—9g oIn3i g

9 "ON] UI }09J9p JIOULW dUO
1deoxa ‘s3097ap 3004 oU
‘oqerd ut seanjiey [V

|

26



Fig. 27
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NACA TN No. 1261 Fig. 29

A REFERENCE S-N CURVE FOR UNWELDED YgSAE.4130STEEL -
SHEET(NORMALIZED)SURFACE-GROUND BOTH SIDES TO 0.08"
THICKNESS TO REMOVE ROUGHNESS AND DECARBURIZED
SURFAGE LAYER.

7]
B: REFERENCE S-N CURVE FOR UNWELDED l/a S.AE 4130 STEEL
SHEET (NORMALIZED) TESTEDWITH AS-ROLLED SURFACE.
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CYCLES OF REVERSED STRESS

WELD TYPE LOCATION OF FAILURE
O 2 - BEAD CONTINUOUS,FLUSH p-UNAFFECTED PLATE .
0 2- BEAD INTERRUPTED,FLUSH f- FUSION ZONE

® 2° BEAD CONTINUOUS,REINFORCED t - TOE OF LARGE WELD BEAD.
B 2-BEAD INTERRUPTED, REINFORCED w- CENTEROF WELD.

FIGURE 29-BENDING - FATIGUE TESTS OF TWO -BEAD METAL-ARC
BUTT WELDS IN /.~INCH SAE. 4130 STEEL SHEET
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BENDING STRESS, I0O00P.S.1.

A REFERENCE S-N CURVE FOR UNWELDED g S.AE. 4130 STEEL

SHEET (NORMALIZED), SURFAGE-GROUND BOTH SIDES TO 0.08"

THICKNESS TO REMOVE ROUGHNESS AND SURFACE DECARBURI-
ZATION. '

B. REFERENCE S-N CURVE FOR UNWELDED Ile S.A.E. 4I30STEEL

SHEE T(NORMALIZED), TESTED WITH AS-ROLLED SURFACE. 70

\\ . ) '\'\
N ~
AA N
60 £ Y- - 60
N ik
\ “
wlg ~.
AN A N A
N
50 t J 50
L pp
S
w N
40 J 40
N
¢ N
J |
B3y | |
30 , 30
v
¢
. i _
w
20 20
04 ol 108 107
CYCLES OF REVERSED STRESS
WELD TYPE ‘ LOGATION OF FAILURE
X7 FBEAD CONTINUOUS, FLUSH. p— UNEFFECTEDPLATE
2\ FBEAD INTERRUPTED, FLUSH. t -~ TOE OF WELD BEAD
W |-BEAD CONTINUOUS, REINFORCED. w — CENTER OF WELD
A -BEADINTERRUPTED,REINFORGED.

FIGURE 30 - BENDING - FATIGUE TESTS OF SINGLE- BEAD

METAL ~ARC BUTT WELDS IN '/8'INC_H SAE.
4130 STEEL SHEET.
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W U1 1

21610
Continuous single-bead weld Interrupted two-bead weld

(face side). (face side).

Figure 31.—Typical plate-bending fatigue fractures at toe of weld bead (face-weld views).
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21611
Continuous single-bead weld Interrupted two-bead weld
(root side). (root side).
Failure at toe of face bead. Failure at toe of face bead.

Figure 32.—Typical plate-bending fatigue fracturcs at toe of weld bead (root-weld views).
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NACA TN No. 1261 Fig. 33

"

A—Interrupted two-bead weld (no failure).
B—Continuous two-bead weld (failure in plate at change of section).
C—Continuous two-bead weld (failure in center of weld).

FIGURE 33.—Typical plate-bending fatigue fractures in welded specimens with no
reinforcement
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